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Optimization of the Preparation of Rice-based Infant Foods
Using Freeze Drying Process

Kwang Ok Kim and Ho-Jung Choi
Department of Foods and Nutrition, Ewha Woman's University

Abstract

Rice based infant foods of carrot, of beef, and of egg for 4-6 month old infants were prepared
using freeze drying (FD) process. The optimum moisture content prior to FD and the plate temperature
in the drier were determined with the use of response surface methodology. For all the infant foods
under this study, FD time was longer as the initial moisture content was higher and the plate tempera-
ture was lower. Brittleness of the dried infant foods increased as the moisture content decreased
and the plate temperature increased. Among the sensory attributes, hydration rate, uniformity, and
smoothness were greater with increased moisture content and with decreased plate temperature. Ease
to spoon increased as moisture content increased and mouthcoating increased as both the moisture
content and the plate temprature increased. Optimum moisture content and plate temperature for
the FD of carrot, beef and egg foods were 885% and 34T, 88.5% and 28C, and 87.3% and 39C,

respectively.
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chamber +¥& 5 micron °]38¢] T trap2%+ —50C
olglgd om 7hdLE $olM e npe} 7o) 3 &
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AzA ol fAl FREKelst PRl B W 7] ALY S 240200] At A2 Bhgih o] 412
FAxA satdE FalEE Auke] shdH (o3t P A28 olf4 Are) FAst FulE FA st
Ztdgt 22t HE AdAsAch Heladd sEE& 7 ulg/ec)® Veb i T oluf Fule FAXFWE S
FEULSL A 86 8 % 0w, weln AdRens g atel gahaich - §5HS Andersons] Hpgen
20, 35 % 50CE so] 3t29l AWl we} o]§A %~%¥ FAsle] 2 slsdch ,ﬂzﬂ RERVLS
FHRE 2 0l SRS AEaT, 25g% Astel WAel7] G710 Y F 80T FRS
12 mz% W 187F Eolelrlrl 3,000 rpmel A 18 30
olRAel ME U YEAEIIY xU 224 QApelstel dsae AAsT e e ¥
Rice-based carrot food Rice-based beef food Rice-based egg food
Materials rice soybean carrot malto- rice beef carrot onion rice egg onion
(200g) (32g) (128g) dextrin {200g) (120g) (40g) (408) (200g) (160g) (40g)
Preparation vashing twashing | (40g) washing washing
6 tipes S times ! 6 tipes 6 times
cutt- cutt- cutt- cutt-
- l ing ng ing ing
5‘(’1‘?85 | 50 mins 20 hrs 50 mins 50 mins
- ' l | 1 medium stage : 5-6 mins
B?;;.'crf high stage : 15 mins i i low stage @ 20 mins
! } ‘ lremoving shell
(Magic Chef huiling | | i ; |and egg white
F1021-314M, ) o t H
1.5.4) adding water to Iadding vater to adding water to
J7003 16508 ‘5003
2nd stage © S mins 2nd stage : 5 mins 2nd stage ' 5 mins
(MJ 3106 adding water to adding water to adding vater to
National moisture content of moisture content of noisture content of
Japan) |90, 88, or 86% 1’90, B8, or 86x ‘90. 88, or 86%
| |
Cooking high stage : 9 mins(90%) high stage @ 9 mins(90%) high stage @ $ mins (90%)
8 mins(88%) 8 mins(88%) 8 rins (88%)
(Magic Chef 6 mins{86%) 6 mins(86%) 6 nins (86%)
£1021-31AM iow stage : 3 smins Jox stage @ 3 mins low stage @ 3 mins
U.S.A) standing @ 2 mins standing © 2 mins standing : 2 mins
1

Fig. 1. Preparation of the rice-based infant foods
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Table 1. Physical properties” of dried infant foods
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MC? PTY Drying time Density Hydration
coded(actual) coded(actual) (hr:min) (g/cc) capacity(g/g)
Carrot?
—1 (86) —1 (20) 22:30 0.182+ 0.0026¢ 4.79% 0.0026*
—1 (86) 0 (35) 21:00 0.184+ 0.0058 4.80+ 0.0172
—1 (86) +1 (50) 20:00 0.187+ 0.0015f 472+ 0.015*
0 (88) —1 (20) 24:00 0.134+ 0.0015¢ 5451 0.02¢
0 (88) 0 (35 22:30 0.137+ 0.0010< 5.43+ 0.09¢
0 (88) +1 (60) 21:00 0.139+ 0.0015¢ 5.31+ 0.05°
+1 (90) -1 (20) 24:30 0.122+ 0.00252 5.62+ 0.061
+1 (90) 0 (35 23:30 0.127+ 0.0010° 5.60% 0.21¢
+1 (90) +1 (50) 22:30 0.129+ 0.0010° 5.59+ 0.214
Beef?
—1 (86) -1 (20) 21:00 0.168+ 0.0015¢ 5.03+ 0.133
—1 (86) 0 (35) 20:00 0.169+ 0.0005¢ 5.07+ 0.130%
—1 (86) +1 (50) 19:30 0.173% 0.0015¢ 498+ 0.129*
0 (88) -1 (20) 24:00 0.146+ 0.0043" 5.45% 0.216"¢
0 (88) 0 (35) 22:30 0.148+ 0.0081¢ 5.38 (0.0952<d
0 (88) +1 (50) 21:00 0.152+ 0.0047¢ 5.43% (.115b0
+1 (90) —1 (20) 27:00 0.126* 0.0032° 5.68+ 0.0734
+1 (90) 0 (35) 24:00 0.131+ 0.0021° 5.56+ 0.140¢
+1 (90) +1 (50) 22:30 0.135% 0.0031* 5.42% 0.1820
Egg?
—1 (86) -1 (20) 21:30 0.173+ 0.0074° 5.12+ 0.074*
—1 (86) 0 (35 20:00 0.175+ 0.0055° 5.11+ 0.093*
-1 (86) +1 (50) 19:00 0.177+ 0.0037¢ 5.11+ 0.036*
0 (88) -1 (20) 23:00 0.141+ 0.0035° 567+ 0.044"
0 (88) 0 (35) 21:30 0.142+ 0.0031° 5.67+ 0.026™
0 (88) +1 (50) 20:00 0.140+ 0.0021° 5.63% 0.045°
+1 (90) -1 (20) 26:00 0.121+ 0.0025° 5.72+ 0.021«
+1 (90) 0 (35) 24:00 0.123% 0.0031* 5.70% 0.028>
+1 (90) +1 (50) 22:30 0.124*+ 0.0031* 5,68+ 0.031°

P"Meanzt S.D.(n=3); Means not followed by the same letter in the same column differ significantly from one another(p<0.

05)

IMoisture content(%)
¥Plate temperature(C)

PMajor ingredients of the each rice-based infant foods

Table 2. Regression coefficients" of the second degree polynominals for drying time and brittleness of dried infant

foods
o Carrot?”! Beef? Egg?
Coefficients - - .
Drying Brittleness Drying Brittleness Drying Brittleness
time time time

Bo —20121.0000 43.8503 —28044.0000 292.1340 72168.0000 —7.2418
B4 466.2500 —0.8392 557.5000 —6.4547 —1682.5000 0.3321
B2 - 28.5556 0.0413 119.7778 0.0743 34.8889 0.0179
Bu -~ 2.5000 0.0039 —2.5000 0.0357 10.0000 —0.0027
B2 0.0222 0.0000 0.0889 0.0000 0.0444 0.0000
B 0.2500 -0.0004 —0.1500 —0.0007 —0.5000 —0.0001

% Variability 99 97 100 97 100 96

explained(R?)

DY =Byt BiXi+ BoXo + BuuXe’ + BuXo® + BrXiXe
IMajor ingredients of the each rice-based infant foods
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Table 3. Analysis of variance table showing the effects
of treatment variables on drying time and brittleness

of dried infant foods

Source  DF Sum of square
Carrot? Beef” Egg?

Drying time
Mmc? 2 29600.00** 101600.00** 89600.00***
PT® 2 33800.00*** 49400.00* 48800.00***
Error 4 1000.00 8800.00 1000.00
% Variability 98 o] 99
explained(R?)

Brittleness
MC? 2 6.57%** 10.51%* 6.58%**
Linear 1 6.56%** 10.10%** 6.58%**
Quadratic 1 0.00 0.41%** 0.00
PT® 2 0.04* 0.03* 0.01
Linear 1 0.04* 0.03** 0.01
Quadratic 1 0.00 0.00 0.00
MC*PT 4 0.03 0.06** 0.01
Error 81 0.48 0.27 0.29
% Variability 93 98 96
explained(R?)

PMajor ingredients of the each rice-based infant foods
YMC=Moisture content
YPT=Plate temperature

* ke xx® significant at 5%, 1%, and 0.1% level respecti-
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Table 4. Textural properties” of dried infant foods

MC? PT® Brittleness Hardness
coded coded (kg/cm?) (kg/cm?)
(actual) (actual)
Carrot¥
—1 (86) —1 (20) 0.720% 0.0918* 1.529% 0.1111°
—1 (86) 0 (35) 0.747+0.1240° 1.539+ 0.1404%
—1 (86) +1 (50) 0.7771+ 0.0680¢7 1.681% 0.2065*
0 (88) —1 (20) 0.345+0.0990" 0.756+ 0.0658°
0 (88) 0 (35) 0.422+0.0501° 0.821+ 0.0814°
0 (88) +1 (50) 0438+ 0.0444® 0.826+ 0.0856°
+1 (90) —1 (20) 0.092+ 0.0884° 0.691+ 0.0755°
+1 (90) 0 (35) 0.072%0.0319° 0.733% 0.0855"
+1 (90) +1 (50) 0.096+ 0.0420° 0.794% 0.0725°
Beef?
—1 (86) —1 (20) 0.895+0.0829° 1.681+ 0.0942¢
-1 (86) 0 (35) 0.997+0.0501* 1.796+ 0.0967¢
—1 (86) +1 (50) 1.012+ 0.0990° 1.964% 0.0999'
0 (88) —1 (200 0429+ 0.0504° 1.006%0.0718¢
0 (88) 0 (35) 0.396+0.0455° 1.064+ 0.1217
0 (88) +1 (50) 0.420+0.0316° 1.163+ 0.1175¢
+1 (90) —1 (20) 0.131+ 0.0409° 0.759% 0.1554°
+1 (90) 0 (35) 0.158%+0.0349° 0.749+ 0.0797"
+1 (90) +1 (50) 0.153% 0.0481¢ 0O 856‘*’ 0.1078
Egg“
-1 (86) =1 (200 0.724+0.0829* 1. 564+ 0.1226*
~1 (86) 0 (35) 0.726+0.0111* 1.568% 0.1535*
-1 (86) +1 (50) 0.751%0.0601" 1.764+ 0.3357¢
0 (88) —1 (20) 0.389+ 0.0482" (.838+ 0.1087"
0 (88) 0 (35) 0.422+0.0449" 0.885t 0.1072"
0 (88) +1 (50) 0430+ 0.0476" 0.880+ 0.1251°
+1 (90) —1 (20) 0066+ 0.0347° 0.686+ 0.0847"
+1 (90) 0 (35 0.077%X0.0226° 0.747+ 0.0797°
+1 (90) +1 (G0 0071100307 0.732+ 0.0899"

PMeant S.D.(n=10); Means not followed by the same

letter in the same column differ significantly from one
another(p<0.05)

“Moisture content(%)

YPlate temperature(C)

“Major ingredients of the each rice-based infant foods

Aol Alge] HeH A e drhEs Ta-
ble 5ol vfebit Qlct pEHE %X‘* of 71 1 HEE
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obAell whebr ghastgict 7] A& Zdi —Eri&%*ol
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Table 5. Sensory values” for rehydrated infant foods

MC? PT® Hydration Unifiomity Ease to Smoothness Mouth
coded(actual) coded(actual) rate spoon coating
Carrot?
—1 (86) —1 (20) 3.8+ 0.13 7.1+ 0.23 3.2+ 0.25 4.6+ 0.32 2.3+ 0.18
—1 (86) 0 (35) 35x0.19 45+ 0.19 3.7+ 0.16 431042 3.0x£0.19
—1 (86) +1 (60) 25+ 0.19 3.1+ 0.23 3.6+ 0.26 4.0+ 0.33 2.8+ 0.23
0 (88) —1 (20) 6.5% 0.19 6.5+ 0.33 6.2+ 0.16 6.2 0.16 3.7+ 0.16
0 (88) 0 (35) 6.0+ 0.19 50+ 0.19 6.0t 0.27 56+ 0.18 42+0.25
0 (88) +1 (50) 5.0+ 0.19 42+ 0.25 6.0+ 0.35 511 0.13 45+0.33
+1 (90) —1 (20) 85+ 0.19 8.1+ 0.23 76+ 0.18 8.1+ 0.23 571+ 0.25
+1 (90) 0 (35) 8.0+ 0.19 75+ 0.19 7.3+ 0.18 7.1£0.30 6.3+ 0.26
+1 (90) +1 (50) 7.5+ 0.19 7 0+ 0.33 75+ 0.19 7.0+ 0.19 6.5% 0.50
Beef*
—1 (86) —1 (20) 45+ 0.19 3 8+ 0.23 561 0.18 3.2x0.16 2.7+ 0.16
-1 (86) 0 (35) 39+ 0.23 36+ 0.18 521 0.25 2.6+ 0.18 2.6+ 0.26
—1 (86) +1 (50) 3.8+ 0.25 3.3+ 0.18 53+ 0.32 3.0+ 0.27 3.5+ 0.27
0 (88) —1 (20) 571+ 0.25 5.7+ 0.25 6.8t 0.30 43+ 0.18 41+ 0.23
0 (88) 0 (35) 56+ 0.26 55+ 0.33 6.8+ 0.23 4.6t 0.38 52+ 0.25
0 (88) +1 (50) 56+ 0.26 5.1+ 0.23 6.7 0.16 4.0+ 0.33 4.8+ 0.30
+1 (90) —1 (20) 7.3+ 0.18 65+ 0.19 8.0+ 0.27 521025 4.7+ 0.25
+1 (90) 0 (35) 7.1+ 0.23 57+ 0.25 7.3%0.18 4.3+ 0.26 4.8+ 0.30
+1 (90) +1 (50) 6.7+ 0.16 5 é%L 0. 23 7.6+ 0.18 4.8+ 0.30 5.3+ 0.26
Egg¥
~1 (86) -1 (20) 52+ 0.31 5 0+ 0.19 58+ 0.35 6.6+ 0.18 28+ 044
~1 (86) 0 (35) 4.7t 045 4.8+ 0.30 6.3% 0.26 7.0%0.27 3.2+ 0.16
—1 (86) +1 (50) 4.6+ 0.38 42+ 0.16 6.3+ 0.18 571 0.25 2.8+ 0.23
0 (88) —1 (20) 7.0+ 0.33 7.3+0.32 7.3+ 026 8.0+ 0.00 45+ 0.33
0 (88) 0 (35) 7.1+ 0.13 7.3+0.32 7.1+ 0.23 75+ 0.19 4.3+ 0.26
0 (88) +1 (50) 6.1+ 0.35 6.0+ 0.33 7.2+0.25 7.3+ 0.18 45+ 046
+1 (90) -1 (20) 8.7+ 0.16 82+ 0.25 8.3+ 0.18 8.6+ 0.18 5.3+ 0.46
+1 (90) 0 (35) 8.1+ 0.35 7.3+ 0.32 7.7+ 0.25 8.1+ 0.13 471+ 045
+1 (90) +1 (50) 8.0+ 0.19 6.5+ 0.27 78+ 0.13 7.7+ 0.16 521 0.37

"Meant SD.(n=8): As the response value increases from 1 to 9, the intensity of sensory attributes increases.

“Moisture content(%)
Plate temperature(C)
“Major ingredients of the each rice-based infant foods
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Table 6. Regression coefficients” of the second degree polynominals for sensory attributes of rehydrated infant

foods
Coefficients Hydration Uniformity Ease to Smoothness Mouth
rate spoon coating
Carrot?
Bo —450.5138 1921.5185 —1182.8333 330.1481 537.5277
B1 9.3177 —43.2656 25.8854 —8.2500 12.9583
B2 —0.2597 —2.3004 0.3666 0.2893 —0.0833
Bn —0.0468 0.2447 —0.1406 0.0520 0.0781
B2 —0.0008 0.0015 0.0000 0.0006 —0.0011
Bz 0.0031 0.0239 —0.0010 —0.0041 0.0020
% Variability 97 91 93 93 92
explained(R?%
Beef?
Bo —258.7268 —1259.6388 —609.2546 —885.5416 1536.6342
B 5.3072 28.1406 134322 19.7552 34.4635
B2 —0.1346 0.0333 0.0185 0.0027 0.1217
Bu —0.0260 —0.1562 —0.0729 —0.1093 —0.1927
Baz 0.0003 0.0005 0.0009 0.0011 —0.0001
B1z 0.0010 —0.0010 —0.0010 —0.0010 —0.0010
% Variability 86 83 83 75 83
explained(R?
EggZ)
Bo - 393.6125 —1771.4025 —339.6203 —634.9305 —811.2870
B1 8.2239 394583 7.1562 14.1770 17.9843
B2 0.0796 0.7875 0.6995 0.0319 0.0578
Bu —0.0416 —0.2187 —0.0364 —0.0781 —0.0989
Baz -0.0001 0.0013 0.0004 0.0008 0.0004
Bz —0.0010 —0.0083 —0.0083 0 —0.001
% Variability 89 88 83 82 84
explained(R?)
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Table 7. Analysis of variance table showing the effects of treatment variables on the sensory scores of rehydrated
infant foods

Source DF Sum of square
Hydration Uniform Easy to Smooth Mouth
rate -ty spoon -ness coating
Carrot!
Person 7 443 454 6.21 9.28 10.65
Day(person) 16 71.77 58.44 53.33 47.33 80.88
MC? 2 205.78%** 70.78%*+ 143.37*** 87.26%** 81.33%**
Linear 1 205.44*** 58.77*** 140.03*** 87.11*** 81.00***
Quadratic 1 0.33 12.00*** 3.34** 0.15 0.33
PT® 2 13.59*** 52.11*** 0.33 6.70*** 3.37*
Linear 1 13.44%** 51.36*** 0.00 6.25%** 2.78**
Quadratic 1 0.15 0.75 0.33 0.45 0.59
MC*PT 4 148 15.29**+ 1.70 1.85 0.15
Error 40 7.81 19.15 15.92 10.85 14.48
% Variability 97 91 93 93 92
explained(R?)
Beef?
Person 7 443 4.20 5.50 531 498
Day(person) 16 28.88 2133 25.77 2155 30.66
MC? 2 84.26%** 61.04*** 43.00*** 31.44*** 41.81***
Linear 1 84.03*** 53.78%** 42,25+ 28.44*** 34.03%**
Quadratic 1 0.23 7.26%** 0.75 3.00* 7.79***
PT® 2 3.37* 3.37" 0.70 270 4.04*
Linear 1 2.78* 3.36** 0.11 1.78 4.00**
Quadratic 1 0.59 0.01 0.59 0.93 0.04
MC*PT 4 1.11 0.77 1.59 3.81 4.30
Error 40 19.25 18.84 17.03 22.03 17.18
% Variability 86 83 82 75 83
explained(R?)
- Egg!
Person 7 11.50 6.00 843 1.05 2527
Day(person) 16 21.11 36.00 10.88 19.77 24.66
MC? 2 136.26*** 83.44** 38.26%** 26.33*** 59.93%**
Linear 1 136.11%** 75.11%*+ 38.03%** 25.00%** 51.36***
Quadratic 1 0.15 8.33%** 0.23 1.33* 1.56
PT® 2 6.04** 13.00*** 0.04 4.04%* 248
Linear 1 5.44** 12.25%** 0.00 4.00*** 1.36
Quadratic 1 0.59 0.75 0.04 0.03 112
MC*PT 4 1.37 3.40 1.74 2.37 1.07
Error 40 22.33 20.15 11.96 11.93 20.85
% Variability 89 88 83 82 84

explained(R?)

YMajor ingredients of the each rice-based infant foods
“MC=Moisture content
“PT=Plate temperature
* 4 ek significant at 5%, 1%, and 0.1% level respectively
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Rice-based carrot food
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Fig. 2. Superimposed contour plots for the optimum
conditions in the production of freeze dried infant
foods
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